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=> s insulin 

LI 195067 INSULIN 

=> s II and al6 and al7 
199 A16 
134 A17 

L2 2 LI AND A16 AND A17 
=>d 1-2 

L2 ANSWER 1 OF 2 MEDLINE 

AN 2000485734 MEDLINE 

DN 20487207 PubMed ID: 1 1034394 

TI Alanine scanning mutants of rat proinsulin I show functional diversity of 

anti-insulin monoclonal antibodies. 
AU Tikhomirov O Y; Thomas J W 

CS Department of Medicine, Vanderbilt University School of Medicine, 

Nashville, TN 37232, USA. 
NC DK.4391 1 (NIDDK) 

P30CA68485 (NCI) 
SO JOURNAL OF IMMUNOLOGY, (2000 Oct 1) 165 (7) 3876-82. 

Journal code: 2985 117R. ISSN: 0022-1767. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Abridged Index Medicus Journals; Priority Journals 
EM 200011 

ED Entered STN: 20010322 

Last Updated on STN: 20010322 
Entered Medline: 20001103 

L2 ANSWER 2 OF 2 MEDLINE 

AN 97294699 MEDLINE 

DN 97294699 PubMed ID: 9148904 

TI Alanine scanning mutagenesis of insulin. 

AU Kristensen C; Kjeldsen T; Wiberg F C; Schaffer L; Hach M; Havelund S; 
Bass 

J; Steiner D F; Andersen A S 
CS Department of Insulin Research, Novo Nordisk, 2880 Bagsvaerd, 
Denmark. 

SO JOURNAL OF BIOLOGICAL CHEMISTRY, (1997 May 16) 272 (20) 
12978-83. 

Journal code: 2985I21R. ISSN: 0021-9258. 



CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199706 

ED Entered STN: 19970630 
Last Updated on STN: 19970630 
Entered Medline: 19970619 



=> d 2 kwic 

L2 ANSWER 2 OF 2 MEDLINE 

TI Alanine scanning mutagenesis of insulin. 

AB Alanine scanning mutagenesis has been used to identify specific side 
chains of insulin which strongly influence binding to the 
insulin receptor. A total of 21 new insulin analog 
constructs were made, and in addition 7 high pressure liquid 
chromatography-purified analogs were tested, covering alanine 
substitutions in positions. . . B8, B9, B10, Bl 1, B12, B13, B16, B17, 
B18, B20, B21, B22, B26, A4, A8, A9, A12, A13, A14, A15, A16, 
A 17, A 19, and A21. Binding data on the analogs revealed that the 
alanine mutations that were most disruptive for binding were. . . 
TyrA19, GlyB8, LeuBl 1, and GluB13, resulting in decreases in affinity of 
1,000-, 33-, 14-, and 8-fold, respectively, relative to wild-type 
insulin. In contrast, alanine substitutions at positions GlyB20, 
ArgB22, and SerA9 resulted in an increase in affinity for the 
insulin receptor. The most striking finding is that B20Ala 
insulin retains high affinity binding to the receptor. GIyB20 is 
conserved in insulins from different species, and in the structure of. . 
. likely modifies the structure of the B-chain in this region, but this 
structural change appears to enhance binding to the insulin 
receptor. 

CT Check Tags: Animal; Human 
♦Alanine: GE, genetics 

Amino Acid Sequence 

♦Insulin: GE, genetics 

Molecular Sequence Data 

Mutagenesis, Site-Directed 
♦Mutation 

RN 1 1 06 1 -68-0 (Insulin); 56-4 1 -7 (Alanine) 
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=>d 1-15 

L4 ANSWER 1 OF 15 MEDLINE 
AN 2002713196 IN-PROCESS 
DN 22363230 PubMed ID: 12475219 

TI A protein caught in a kinetic trap: structures and stabilities of 

insulin disulfide isomers. 
AU Hua Qing-Xin; Jia Wenhua; Frank Bruce H; Phillips Nelson F B; Weiss 

Michael A 

CS Department of Biochemistry, Case Western Reserve University School of 
Medicine, 10900 Euclid Avenue, Cleveland, Ohio 44106, and Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis, Indiana 46285. 

SO BIOCHEMISTRY, (2002 Dec 17)41 (50) 14700-15. 
Journal code: 0370623. ISSN: 0006-2960. 

CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS IN-PROCESS; NONINDEXED; Priority Journals 
ED Entered STN: 20021217 



Last Updated on STN: 20021217 

L4 ANSWER 2 OF 15 MEDLINE 

AN 2002009747 MEDLINE 

DN 21245116 PubMed ID: 1 1347892 

TI Effects of cysteine to serine substitutions in the two inter-chain 

disulfide bonds of insulin. 
AU Guo Z Y; Feng Y M 

CS State Key Laboratory of Molecular Biology, Shanghai Institute of 

Biochemistry, Shanghai Institutes for Biological Sciences, Chinese Academy 
of Sciences, People's Republic of China. 

SO BIOLOGICAL CHEMISTRY, (2001 Mar) 382 (3) 443-8. 
Journal code: 97001 12. ISSN: 1431-6730. 

CY Germany: Germany, Federal Republic of 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200112 

ED Entered STN: 20020121 
Last Updated on STN: 20020121 
Entered Medline: 2001 1204 

L4 ANSWER 3 OF 15 MEDLINE 

AN 2001559177 MEDLINE 

DN 21475289 PubMed ID: 1 1591 149 

TI Hierarchical protein folding: asymmetric unfolding of an insulin 
analogue lacking the A7-B7 interchain disulfide 
bridge. 

AU Hua Q X; Nakagawa S H; Jia W; Hu S Q; Chu Y C; Katsoyannis P G; 
Weiss M A 

CS Department of Biochemistry, Case Western Reserve University School of 

Medicine, Cleveland, Ohio 44016, USA. 
SO BIOCHEMISTRY, (2001 Oct 16) 40 (41) 12299-31 1. 

Journal code: 0370623. ISSN: 0006-2960. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200111 

ED Entered STN: 2001 1022 
Last Updated on STN: 2001 1 105 
Entered Medline: 20011101 

L4 ANSWER 4 OF 15 MEDLINE 

AN 2001159971 MEDLINE 

DN 21159059 PubMed ID: 1 1258877 

TI Putative disulfide-forming pathway of porcine insulin precursor 

during its refolding in vitro. 
AU Qiao Z S; Guo Z Y; Feng Y M 

CS State Key Laboratory of Molecular Biology, Shanghai Institute of 

Biochemistry, Shanghai Institutes for Biological Sciences, Chinese Academy 
of Sciences, 320 Yue-Yang Road, Shanghai 200031, People's Republic of 
China. 

SO BIOCHEMISTRY, (200 1 Mar 6) 40 (9) 2662-8. 

Journal code: 0370623. ISSN: 0006-2960. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200105 

ED Entered STN: 20010517 
Last Updated on STN: 20010517 
Entered Medline: 20010510 

L4 ANSWER 5 OF 15 MEDLINE 

AN 97436781 MEDLINE 

DN 97436781 PubMed ID: 9291463 

TI Expression of homeobox genes, including an insulin promoting 

factor, in the murine yolk sac at the time of hematopoietic initiation. 
AU McGrath K E; Palis J 

CS Department of Pediatrics, University of Rochester Medical Center, NY 

14642, USA. 
NC CA 09363C (NCI) 

R29 HL45573 (NHLBI) 
SO MOLECULAR REPRODUCTION AND DEVELOPMENT, ( 1 997 Oct) 
48 (2) 145-53. 

Journal code: 8903333. ISSN: 1040-452X. 
CY United States 



DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199712 

ED Entered STN: 19980109 
Last Updated on STN: 19980109 
Entered Medline: 19971202 

L4 ANSWER 6 OF 15 MEDLINE 

AN 94186288 MEDLINE 

DN 94186288 PubMed ID: 8138354 

TI Direct assignment of disulfide bonds by Edman degradation of selected 

peptide fragments. 
AU Haniu M; Acklin C; Kenney W C; Rohde M F 

CS Department of Protein Structure, Amgen, Inc., Thousand Oaks, California. 
SO INTERNATIONAL JOURNAL OF PEPTIDE AND PROTEIN 
RESEARCH, (1994 Jan) 43 (1) 
81-6. 

Journal code: 0330420. ISSN: 0367-8377. 
CY Denmark 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199404 

ED Entered STN: 19940509 
Last Updated on STN: 20000303 
Entered Medline: 19940425 

L4 ANSWER 7 OF 15 MEDLINE 

AN 93191924 MEDLINE 

DN 93191924 PubMed ID: 1294186 

TI Chemical stability of insulin. 4. Mechanisms and kinetics of 

chemical transformations in pharmaceutical formulation. 
AU Brange J 

CS Novo Research Institute, Bagsvaerd, Denmark. 

SO ACTA PHARMACEUTICA NORDICA, (1992) 4 (4) 209-22. 

Journal code: 8915967. ISSN: 1100-1801. 
CY Sweden 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199304 

ED Entered STN: 19930423 
Last Updated on STN: 19930423 
Entered Medline: 19930412 

L4 ANSWER 8 OF 15 MEDLINE 

AN 91197423 MEDLINE 

DN 91197423 PubMed ID: 2085412 

TI Studies on the total synthesis of an A7,B7 

-dicarbainsulin. III. Assembly of segments and generation of biological 

activity. 

AU Videnov G; Buttner K; Casaretto M; Fohles J; Gartner H G; Stoev S; 
Brandenburg D 

CS Institute of Molecular Biology, Bulgarian Academy of Sciences, Sofia. 
SO BIOLOGICAL CHEMISTRY HOPPE-SEYLER, ( 1 990 Nov) 371(11) 
1057-66. 

Journal code: 8503054. ISSN: 0177-3593. 
CY GERMANY: Germany, Federal Republic of 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 199105 

ED Entered STN: 19910607 
Last Updated on STN: 20000303 
Entered Medline: 19910520 

L4 ANSWER 9 OF 15 MEDLINE 

AN 90370040 MEDLINE 

DN 90370040 PubMed ID: 1697643 

TI Characterization of agretopes and epitopes involved in the presentation of 

beef insulin to T cells. 
AU Fotedar A; Smart W; Boyer M; Dillon T; Fraga E; Lauzon J; Shevach E 
M; 

Singh B 

CS Department of Immunology, University of Alberta, Edmonton, Canada. 
SO MOLECULAR IMMUNOLOGY, ( 1 990 Jul) 27 (7) 603- 1 1 . 
Journal code: 7905289. ISSN: 0161-5890. 



CY ENGLAND: United Kingdom 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199010 

ED Entered STN: 19901109 
Last Updated on STN: 19960129 
Entered Medline: 19901011 

L4 ANSWER 10 OF 15 MEDLINE 

AN 90121745 MEDLINE 

DN 90121745 PubMed ID: 2692613 

TI Synthesis of A7,B7-dicarbainsulin, an analogue with a 

noncleavable bond between A- and B-chain. II. Synthesis of the A-chain 

segments. 

AU VidenovG; StoevS; Brandenburg D 

CS Institute of Molecular Biology, Bulgarian Academy of Sciences, Sofia. 
SO BIOLOGICAL CHEMISTRY HOPPE-SEYLER, (1989 Oct) 370 (10) 
1103-11. 

Journal code: 8503054. ISSN: 0177-3593. 
CY GERMANY, WEST: Germany, Federal Republic of 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 199003 

ED Entered STN: 19900328 
Last Updated on STN: 19900328 
Entered Medline: 19900308 

L4 ANSWER 11 OF 15 MEDLINE 

AN 89256664 MEDLINE 

DN 89256664 PubMed ID: 2656861 

TI Processing and presentation of insulin. II. Evidence for 

intracellular, plasma membrane-associated and extracellular degradation of 

human insulin by antigen-presenting B cells. 
AU Semple J W; Ellis J; Delovitch T L 

CS Banting and Best Department of Medical Research, University of Toronto, 
Ontario, Canada. 

SO JOURNAL OF IMMUNOLOGY, (1989 Jun 15) 142 (12) 4184-93. 

Journal code: 29851 17R. ISSN: 0022-1767. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Abridged Index Medicus Journals; Priority Journals 
EM 198907 

ED Entered STN: 19900306 
Last Updated on STN: 19900306 
Entered Medline: 19890706 

L4 ANSWER 12 OF 15 MEDLINE 

AN 87099888 MEDLINE 

DN 87099888 PubMed ID: 3541902 

TI The identification of a major product of the degradation of 

insulin by 'insulin proteinase' (EC 3.4.22.1 1). 
AU Muir A; Offord R E; Davies J G 

SO BIOCHEMICAL JOURNAL, (1986 Aug 1) 237 (3) 63 1-7. 

Journal code: 2984726R. ISSN: 0264-6021. 
CY ENGLAND: United Kingdom 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 198701 

ED Entered STN: 19900302 
Last Updated on STN: 19970203 
Entered Medline: 19870128 

L4 ANSWER 13 OF 15 MEDLINE 

AN 80070613 MEDLINE 

DN 80070613 PubMed ID: 51 1097 

TI Synthesis and biological activity of seventeen analogues of human 
insulin. 

AU Marki F; de Gasparo M; Eisler K; Kamber B; Riniker B; Rittel W; Sieber P 
SO HOPPE-SEYLERS ZEITSCHRIFT FUR PHYSIOLOGISCHE CHEMIE, 
(1979 Nov) 360(11) 
1619-32. 

Journal code: 2985060R. ISSN: 0018-4888. 
CY GERMANY, WEST: Germany, Federal Republic of 
DT Journal; Article; (JOURNAL ARTICLE) 



LA English 

FS Priority Journals 

EM 198002 

ED Entered STN: 19900315 
Last Updated on STN: 19900315 
Entered Medline: 19800228 

L4 ANSWER 14 OF 15 MEDLINE 

AN 78108222 MEDLINE 

DN 78108222 PubMed ID: 627397 

TI Synthesis and biological activity of two disulphide bond isomers of human 

insulin: [A7-A1 l,A6-B7-cystine]- and [A6- 

A7,A1 l-B7-cystine] insulin (human). 
AU Sieber P; Eisler K; Kamber B; Riniker B; Rittel W; Marki F; de Gasparo M 
SO HOPPE-SEYLERS ZEITSCHRIFT FUR PHYSIOLOGISCHE CHEMIE, 
(1978 Jan) 359(1) 

113-23. 

Journal code: 2985060R. ISSN: 0018-4888. 
CY GERMANY, WEST: Germany, Federal Republic of 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197804 

ED Entered STN: 19900314 
Last Updated on STN: 199003 14 
Entered Medline: 19780426 

L4 ANSWER 15 OF 15 MEDLINE 

AN 75039933 MEDLINE 

DN 75039933 PubMed ID: 4803251 

TI Selective cleavage of one disulfide bond in insulin: preparation 

and properties of insulin A7-B7 

-di-S-sulfonate. 
AU Busse W D; Gartner H G 

SO HOPPE-SEYLERS ZEITSCHRIFT FUR PHYSIOLOGISCHE CHEMIE, 
(1973 Feb) 354(2) 
147-55. 

Journal code: 2985060R. ISSN: 00 1 8-4888. 
CY GERMANY, WEST: Germany, Federal Republic of 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197502 

ED Entered STN: 19900310 
Last Updated on STN: 199003 10 
Entered Medline: 19750203 



=>d 13 abs 

L4 ANSWER 13 OF 15 MEDLINE 

AB We synthesized seventeen analogues of human insulin, applying 
the principle of stepwise, selective formation of the disulphide bonds. 
Most of these analogues only differ from human insulin in the 
replacement of a single amino acid in positions 2, 5, 6, 7, 8 and 1 1 of 
the A chain and 5, 7, 13 and 16 of the B-chain. The influence of these 
modifications on the physicochemical properties of the analogues is 
discussed. Eight analogues could be crystallized. All the analogues 
produce the same biological effects as insulin, but differ 
markedly in their potency. In isolated fat cells in vitro, [HisA8] 
insulin showed a relative potency of 2.46 in stimulating glucose 
oxidation (human insulin = 1), whereas [D-CysA6,Al 1] 
insulin had a potency of only 0.00027. Very low potency was 
observed when IleA2 or the half-cystines A6, A7, Al 1 or 
B7 were modified. Replacement of the invariant GlnA5 by alanine 
only reduced potency slightly. All the analogues are full agonists. The 
effects of the analogues on glucose oxidation and lipolysis are 
correlated, supporting the view that they are mediated by a common 
receptor on the fat-cell membrane. Hypoglycaemic potencies in the rat were 
similar to potencies in vitro. As expected, no correlation was 
demonstrable between antiserum binding-measured in the 
radioimmunoassay— and biological activity. Several results of this 
investigation are difficult to reconcile with the current view regarding 
the structure-activity relationship of insulin which appears to 
require further refinement. 



=> d 1 abs 



L4 ANSWER 1 OF 15 MEDLINE 

AB Proinsulin contains six cysteines whose specific pairing (A6-A1 1, 
A7-B7, and A20-B19) is a defining feature of the 
insulin fold. Pairing information is contained within A and B 
domains as demonstrated by studies of insulin chain 
recombination. Two insulin isomers containing non-native 
disulfide bridges ([A7-A1 1,A6-B7,A20-B19] and [A6- 
A7,A1 1-B7,A20-B19]), previously prepared by directed 
chemical synthesis, are metastable and biologically active. Remarkably, 
the same two isomers are preferentially formed from native insulin 
or proinsulin following disulfide reassortment in guanidine hydrochloride. 
The absence of other disulfide isomers suggests that the observed species 
exhibit greater relative stability and/or kinetic accessibility. The 
structure of the first isomer ([A7-A1 1,A6-B7,A20-B19], 
insulin-swap) has been described [Hua, Q. X., Gozani, S. N., 
Chance, R. E., Hoffmann, J. A., Frank, B. H., and Weiss, M. A. (1995) Nat. 
Struct. Biol. 2, 129-138], Here, we demonstrate that the second isomer ( 
insulin-swap2) is less ordered than the first. Nativclikc elements 
of structure are retained in the B chain, whereas the A chain is largely 
disordered. Thermodynamic studies of guanidine denaturation demonstrate 
the instability of the isomers relative to native insulin 
(DeltaDeltaG(u) > 3 kcal/mol). In contrast, insulin-like growth 
factor I (IGF-I) and the corresponding isomer IGF-swap, formed as 
alternative products of a bifurcating folding pathway, exhibit similar 
cooperative unfolding transitions. The insulin isomers are 
similar in structure and stability to two-disulfide analogues whose 
partial folds provide models of oxidative folding intermediates. Each 
exhibits a nativelike B chain and less-ordered A chain. This general 
asymmetry is consistent with a hierarchical disulfide pathway in which 
nascent structure in the B chain provides a template for folding of the A 
chain. Structures of metastable disulfide isomers provide probes of the 
topography of an energy landscape. 



=> d his 
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LI 195067 S INSULIN 
L2 2 S LI AND A16 AND A17 

L3 153 S LI AND B7 . 
L4 15SL3ANDA7 

=>s 11 and b25 
108 B25 
L5 87 L1ANDB25 



=> s 15 and b26 
137 B26 
L6 32 L5 AND B26 

=> s 16 and b27 
3488 B27 
L7 1 L6 AND B27 

=>d 

L7 ANSWER 1 OF 1 MEDLINE 

AN 2001133417 MEDLINE 

DN 21066359 PubMed ID: 1 1 145591 

TI Identification of insulin domains important for binding to and 

degradation by endosomal acidic insulinase. 
AU Authier F; Danielsen G M; Kouach M; Briand G; Chauvet G 
CS Institut National de !a Sante et de la Recherche Medicale U5 1 0 (F. A.), 

Faculte de Pharmacie Paris XI, 92296 Chatenay-Malabry, France.. 

authier@cep.u-psud.fr 
SO ENDOCRINOLOGY, (2001 Jan) 142 (1) 276-89. 

Journal code: 0375040. ISSN: 0013-7227. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Abridged Index Medicus Journals; Priority Journals 
EM 200103 

ED Entered STN: 20010404 
Last Updated on STN: 20010404 



Entered Medline: 20010301 



=> d abs 

L7 ANSWER 1 OF 1 MEDLINE 

AB The endosomal compartment of hepatic parenchymal cells contains an 
acidic 

endopeptidase, endosomal acidic insulinase (EAI), which hydrolyzes 

internalized insulin at a limited number of sites. Although the 

positions of these cleavages are partially known, the residues of 

insulin important in its binding to and proteolysis by EAI have 

not been defined. To this end, we have studied the degradation over time 

of native human insulin and three insulin-analog 

peptides using a soluble endosomal extract from rat liver parenchyma 

followed by purification of the products by HPLC and determination of 

their structure by mass spectrometry. We found variable rates of ligand 

processing, i.e. high ([Asp(BlO)]- and [Glu(A13),Glu(B10)]-insulin 

), moderate (insulin) and low (the H2-analog). On the basis of 

IC(50) values, competition studies revealed that human and mutant insulins 

display nearly equivalent affinity for the EAI. Proteolysis of human and 

mutant insulins by EAI resulted in eight cleavages in the B-chain which 

occurred in the central region (Glu(B13)-Leu(B17)) and at the C-terminus 

(Arg(B22)-Thr(B27)), the latter region comprising the initial 

cleavages at Phe(B24)-Phe(B25) (major pathway) and Phe( 

B25)-Tyr(B26) (minor pathway) bonds. Except for the 

[Glu(A13),Glu(B10)]-insulin mutant, only one cleavage on the 

A-chain was observed at residues Gln(A15)-Leu(A16). Analysis of the nine 

cleavage sites showed a preference for hydrophobic and aromatic amino acid 

residues on both the carboxyl and amino sides of a cleaved peptide bond. 

Using the B-chain alone as a substrate resulted in a 30-fold increase in 

affinity for EAI and a 6-fold increase in the rate of hydrolysis compared 

with native insulin. A similar role for the C-terminal region of 

the B-chain of insulin in the high-affinity recognition of EAI 

was supported by the use of the corresponding B(22)-B(30) peptide, which 

displayed an increase in EAI affinity similar to the entire B-chain vs. 

wild-type insulin. Thus, we have identified a highly specific 

molecular interaction of insulin with EAI at the aromatic locus 

Phe(B24)-Phe(B25)-Tyr(B26). Analytical 

subfractionation of a postmitochondrial supernatant fraction showed that a 
pulse of internalized [(125)l]Tyr(A14)-H2-analog, a protease-resistant 
insulin analog, undergoes a greater lysosomal transfer and lesser 
degradation than [(125)I]Tyr(A14)-insulin, confirming that 
endosomal sorting is regulated directly or indirectly by endosomal 
proteolysis. 
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=>dl6 1-32 

L6 ANSWER 1 OF 32 MEDLINE 

AN 2001133417 MEDLINE 

DN 21066359 PubMed ID: 1 1 145591 

TI Identification of insulin domains important for binding to and 

degradation by endosomal acidic insulinase. 
AU Authier F; Danielsen G M; Kouach M; Briand G; Chauvet G 
CS Institut National de la Sante et de la Recherche Medicale U5 10 (F. A.), 

Faculte de Pharmacie Paris XI, 92296 Chatenay-Malabry, France.. 

authier@cep.u-psud.fr 
SO ENDOCRINOLOGY, (2001 Jan) 142 (1) 276-89. 

Journal code: 0375040. ISSN: 0013-7227. 
CY United States 



DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Abridged Index Medicus Journals; Priority Journals 
EM 200103 

ED Entered STN: 20010404 
Last Updated on STN: 20010404 
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AB To gain an understanding of the causes of decreased biological activity in 
insulins bearing amino acid substitutions at position B25 and 
the importance of the PheB25 side chain in directing hormone-receptor 
interactions, we have prepared a variety of insulin analogs and 
have studied both their interactions with isolated canine hepatocytes and 
their abilities to stimulate glucose oxidation by isolated rat adipocytes. 
The semisynthetic analogs fall into three structural classes: (a) analogs 
in which the COOH-terminal 5, 6, or 7 residues of the insulin 
B-chain have been deleted, but in which the COOH-terminal residue of the 
B-chain has been derivatized by alpha-carboxamidation; (b) analogs in 
which PheB25 has been replaced by unnatural aromatic or natural L-amino 
acids; and (c) analogs in which the COOH-terminal 5 residues of the 
insulin B-chain have been deleted and in which residue B25 
has been replaced by selected alpha-carboxamidated amino acids. Our 
results showed that (a) insulin residues B26-B30 can 
be deleted without decrease in biological potency, whereas deletion of 
residues B25-B30 and B24-B30 causes a marked and cumulative 
decrease in potency; (b) replacement of PheB25 in insulin by Leu 
or Ser results in analogs with biological potency even less than that 
observed when residues B25-B30 are deleted; (c) the side chain 
bulk of naphthyl(l)-alanine or naphthyl(2)-alanine at position B25 
is well tolerated during insulin interactions with receptor, 
whereas that of homophenylalanine is not; and (d) the decreased biological 
potency attending substitution of insulin PheB25 by Ala, Ser, 
Leu, or homophenylalanine is reversed, in part or in total, by deletion of 
COOH-terminal residues B26-B30. Additional experiments showed 
that the rate of dissociation of receptor-bound 1251-labeled 
insulin from isolated hepatocytes is enhanced by incubating cells 
with insulin or [naphthyl(2)-a!anineB25] insulin, but 
not with analogs in which PheB25 is replaced by serine, leucine, or 
homophenylalanine; deletion of residues B26-B30, however, 
results in analogs that enhance the rate of dissociation of receptor-bound 
insulin in all cases studied. We conclude that (a) steric 
hindrance involving the COOH-terminal domain of the B chain plays a major 
role in directing the interaction of insulin with its receptor; 
(b) the initial negative effect of this domain is reversed upon the 
filling of a site reflecting interaction of the receptor and the 
beta-aromatic ring of the PheB25 side chain.(ABSTRACT TRUNCATED 

AT 400 
WORDS) 
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AB Despentapeptide (B26-30)-insulinamide (B25) prepared 



by a semisynthetic procedure was found to have about 65% of the 

hypoglycaemic activity of natural insulin. In contrast, the 

binding of the modified insulin analogue to insulin 

specific receptors was markedly increased. The discrepancy between the 

loss of biological potency and the apparent increase in binding affinity 

for membrane receptors reveals that not all of the biological activity of 

insulin is regulated by the receptor-binding system. The 

tetrapeptidamide of the B-chain of insulin (Arg-Gly-Phe-Phe-NH2) 

was clearly shown to have both insulin-like and insulin 

-potentiating actions in vivo although it had no effect on insulin 

receptor function in vitro. Evidence suggests that the small peptide 

fragment of insulin may be internalized and acts at the 

post-binding site(s) of the glucose metabolic pathway in target tissues. 

The present data support the general concept that insulin may 

exert its complex molecular actions through internalized hormonal fragment 

as well as the transmembrane mediators generated from receptor binding. 
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AB By use of isolated canine hepatocytes and insulin analogs 

prepared by tryps in-catalyzed semisynthesis, we have investigated the 

importance of the aromatic triplet PheB24-PheB25-TyrB26 of the 

COOH-terminal B-chain domain of insulin in directing the 

affinity of insulin-receptor interactions. Analysis of the 

receptor binding potencies of analogs bearing transpositions or 

replacements (by Tyr, D-Tyr or their corresponding 3,5-diiodo derivatives) 

in this region demonstrates a wide divergence in the acceptance both of 

configurational change (with [D-TyrB24,PheB26]insulin and 

[D-TyrB25,PheB26]insulin exhibiting 160 and 0. 1% of the receptor 

binding potency of insulin, respectively) and of detailed side 

chain structure (with [TyrB24,PheB26] insulin and [TyrB25,PheB26] 

insulin exhibiting 2 and 80% of the receptor binding potency of 

insulin, respectively). Additional experiments addressed the 

solvent accessibilities of the 4 tyrosine residues of insulin 

and the insulin analogs at selected peptide concentrations by 

use of analytical radioiodination. Whereas two analogs ([TyrB25,PheB26] 

insulin and [D-TyrB24,PheB26]insulin) were found to 

undergo self aggregation, no strict correlation was found between the 

ability of an analog to aggregate and its potency for interaction with the 

insulin receptor. Related findings are discussed in terms of the 

interplay between side chain and main chain structure in the COOH-terminal 

domain of the insulin B-chain and the structural attributes of 

insulin that determine the affinity of insulin-receptor 

interactions. 
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AB We have studied the time sequence degradation of native insulin 
by insulin protease from human fibroblast using multiple steps 
involving purification of the products by high performance liquid 
chromatography, determination of peak composition by amino acid sequence 
analysis, and confirmation of structure by mass spectrometry and thus 
elucidated the sites of cleavage of insulin by human 
insulin protease. We observed that as early as 0.5 min of 
incubation, three major new peptide peaks, intact insulin, and 
four smaller peptide peaks can be detected. The major peptides are 
portions of the insulin molecule, with the amino ends of the A 
and B chains or the carboxyl ends of the A and B chains still connected by 
disulfide bonds. Peptide peak I is A1-13-B1-9. Peptide peak II is 
A1-14-B1-9. Peptide peak III is A14-21-B14-30. The smaller 
peptide peaks are A14-21-B17-30, A15-21-B14-30, A15-21-B10-30, 
and A14-21-B10-30. The major peptide bond cleavage sites therefore consist 
of A13-14, A14-15, B9-10, B13-14, and B10-17. With longer incubation 
times, peptide peak II appears to lose the A14 tyrosine to form peptide 
peak I. This peptide I, which is the amino end of the A and B chains, is 
not further degraded even after 1.5 h of incubation. With longer 
incubation times, the peptides containing the carboxyl ends of the A and B 
chains are further degraded to form products from cleavage at the A 18- 19, 
B 14- 15, 325-26, and a small amount of A 19-20, B 10-1 1, and B24-25 
cleavage and the emergence of 2-5-amino acid peptide chains, tyrosine, 
alanine, histidine, and leucine-tyrosine. We conclude, based on the 
three-dimensional structure of insulin, that human " 
insulin protease recognizes the alpha-helical regions around 
leucine-tyrosine bonds and that final degradation steps to small peptides 
do not require lysosomal involvement. 
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AB Alanine scanning mutagenesis has been used to identify specific side 
chains of insulin which strongly influence binding to the 
insulin receptor. A total of 21 new insulin analog 
constructs were made, and in addition 7 high pressure liquid 
chromatography-purified analogs were tested, covering alanine 
substitutions in positions Bl, B2, B3, B4, B8, B9, B10, Bl 1, 
B12, B13, B16, B17, B18, B20, B21, B22, B26, A4, A8, A9, A12, A13, 
A14, A15, A16, A17, A19, and A21. Binding data on the analogs revealed 
that the alanine mutations that were most disruptive for binding were at 
positions TyrA19, GlyB8, LeuBll, and GluB 13, resulting in decreases in 
affinity of 1,000-, 33-, 14-, and 8-fold, respectively, relative to 
wild-type insulin. In contrast, alanine substitutions at 
positions GlyB20, ArgB22, and SerA9 resulted in an increase in affinity 
for the insulin receptor. The most striking finding is that 
B20Ala insulin retains high affinity binding to the receptor. 
GlyB20 is conserved in insulins from different species, and in the 
structure of the B-chain it appears to be essential for the shift from the 
alpha-helix B8-B19 to the beta-turn B20-B22. Thus, replacing 
GlyB20 with alanine most likely modifies the structure of the B-chain in 
this region, but this structural change appears to enhance binding to the 
insulin receptor. 



